The backyard chicken (BYC) movement in the USA has increased human contact with poultry and subsequently, human contact with the pathogen Salmonella. However, to date, there have been few studies assessing prevalence of Salmonella in backyard flocks, despite the known public health risk this zoonotic bacterium poses. The objective of this study was to characterize human-BYC interactions and assess the prevalence of Salmonella among BYC flocks. We interviewed 50 BYC owners using a structured questionnaire to determine flock and household characteristics that facilitate contact with BYC and that may be associated with Salmonella in the BYC environment. Composite faecal material, cloacal swabs and dust samples from 53 flocks housed on 50 residential properties in the Greater Boston, Massachusetts area were tested for Salmonella using standard culture techniques and confirmed using MatrixAssisted Laser Desorption/Ionization-Time of Flight Mass Spectrometer. Microbroth dilution and whole genome sequencing were used to determine phenotypic and genotypic resistance profiles, respectively, and sequence results were used to determine multilocus sequencing type. No owners self-reported a diagnosis of salmonellosis in the household. Over 75% of a subset of owners reported that they and their children consider BYC pets. This perception is evident in how owners reported interacting with their birds. Salmonella enterica subspecies enterica serotype Kentucky ST152 (serogroup C)-a strain not commonly associated with human infection-was confirmed in one flock, or 2% of tested flocks, and demonstrated resistance to tetracycline and streptomycin. We detected Salmonella at low prevalence in BYC. Further study of the health effects of exposure to zoonotic gastrointestinal pathogens such as Salmonella among families with BYC is warranted.
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Salmonella, a well-known poultry commensal (Humphrey, 2006) . The United States Department of Agriculture (USDA) estimated that 4% of urban households planned to own chickens by 2010 (USDA, 2013) .
Thus, understanding the risk of exposure to zoonotic pathogens such as Salmonella via BYC ownership is of public health relevance.
In 2016, 895 reported Salmonella infections occurred in the United States, stemming from eight separate outbreaks. In 2017, there were 10 documented and distinct Salmonella outbreaks in people who had contact with BYC, for a total of 1,120 human cases.
Over two-thirds of those interviewed from the 2016-2017 outbreaks reported contact with live poultry the week prior to becoming sick (CDC, 2017a) . This suggests poultry are a major contributing cause of salmonellosis in people. However, owners are often unaware of the zoonotic disease risk from BYC flocks and frequently do not follow appropriate biosecurity guidelines, such as those outlined by the Centers for Disease Control and Prevention (CDC, 2017b) . A 2010 USDA study found more than 50% of backyard poultry owners were unaware of the risk of contracting Salmonella from poultry and 25% did not wash their hands after contacting poultry (USDA, 2011). As a result, efforts to identify practices associated with Salmonella infection in the context of BYC ownership is of elevated significance in disease prevention.
Large commercial flocks with 3,000-50,000 layers must follow
USDA regulations under the Federal Drug Administration's (FDA)
Final Egg Rule to prevent Salmonella Enteritidis exposure via consumption of contaminated commercial eggs (FDA, 2014) . Commercial flocks with fewer than 3,000 layers are exempt. One study infers this makes it more likely for eggs from smaller commercial flocks to be contaminated with Salmonella (Denagamage et al., 2016) . There has been minimal data on contamination from BYC and BYC flocks are also exempt from these rules. This likely contributes to the absence of poultry ordinances aimed at protecting public health in the backyard environment. This shortcoming of regulations may contribute to flock owners' lack of knowledge about disease risk. Viewing BYC as pets may also result in flock owners feeling more comfortable handling their birds, increasing their risk for contracting Salmonella (Beam, Garber, Sakugawa, & Kopral, 2013) .
Current research is primarily focused on tracing confirmed human cases of Salmonella to contact with poultry, yet the prevalence of Salmonella shedding in BYC flocks in relation to a better understanding of human-poultry interactions is understudied. In this study, we sought to address this knowledge gap by administering a standardized survey to BYC owners in Massachusetts to assess characteristics of the flock and household that may contribute to Salmonella exposure. In addition, BYC were tested for Salmonella and antimicrobial resistance patterns were determined.
| MATERIAL S AND ME THODS

| Study design and recruitment of participants
This study was conducted in accordance with Tufts University IACUC and IRB approved protocols, was cross-sectional in design, and used convenience sampling to enroll participants from the Greater Boston area in Massachusetts. Flyers recruiting volunteers were distributed to local farm and feed stores, posted to online urban farming social groups, and sent to urban farming email list-servs. Word-of-mouth was also used by participants to inform other BYC owners about the study. Interested owners reached out directly via phone or email to the study team and eligibility for enrollment was determined by phone or email. Potential participants were eligible for enrollment if they were 18 years of age or older and owned a non-commercial flock of 20 or fewer poultry located on their residential property in Eastern Massachusetts. enrollment of eligible BYC owners, including informed consent, occurred at the owner's property. All sample collection took place from June 2016-July 2017.
| Sample collection
Faecal, cloacal and dust samples were obtained from 53 flocks owned by 50 households living on distinct residential properties.
Three owners had two flocks on their property housed in separate coops. Testing of each flock was conducted separately in these situations, and specimens were collected from the coops of all 53 flocks. • Owners self-report no known history of Salmonella in their flocks and no diagnoses by a doctor of Salmonella in their household in the six months prior to study participation.
• Salmonella enterica subspecies enterica serotype Kentucky ST152 was confirmed in one flock of young birds acquired from an online hatchery, or 2% of flocks tested, and demonstrated resistance to tetracycline and streptomycin.
• Salmonella Kentucky ST152 is commonly found in poul- 
| Laboratory techniques
Samples were transported back to the laboratory within 12 hr of collection and incubated on a rocker at 37°C for 24 hr (O.I.E., 2010). Following pre-enrichment, the samples were enriched in Tetrathionate and Selenite broth (37°C, 24 hr) followed by culture in duplicate on Rambach agar (37°C, 24 hr), a selective growth medium for Salmonella (Gruenewald, Henderson, & Yappow, 1991) . 
| Statistical analysis
Bivariate inferential statistics (Chi-squared or Fisher's Exact) assessed associations between the gastrointestinal symptoms experienced by children in the past six months and relevant biosecurity and poultry contact variables. Statistics were calculated using Stata version 14.2.
| RE SULTS
| Household and flock characteristics
A total of 268 birds from 53 flocks were sampled. The average flock size was six birds (range: 2-20). The average age of the birds was 25 months (range: 2-108 months). Birds less than 12 months old represented 33.4% (n = 90) of the BYC sampled. The most common sources for bird acquisition were from a feed/farm supply store (35.5%, n = 88) or from a mail order or online source (30.9%, n = 80). Birds were also acquired from farmers/breeders (20.1%, n = 52), friends (8.5%, n = 22) or they hatched birds themselves (5%, n = 13). The 50 owners were surveyed about their sources of information for flock health and husbandry. The Internet was the most commonly used resource (83.7%, n = 41). Books (65.3%, n = 32), community-based groups (30.6%, n = 15), professional (non-veterinarian) specialists (28.6%, n = 14), veterinarians (20.4%, n = 10) and the local government (14.3%, n = 7) were other resources. Household demographics are reported in Table 1 .
| Salmonella prevalence and antimicrobial resistance
One flock tested positive for Salmonella enterica subspecies enterica serotype Kentucky (serogroup C) for an overall BYC flock Salmonella prevalence of 2%. Salmonella was cultured from both the composite faecal and cloacal samples. Five suspect colonies were confirmed to be Salmonella by the AHDC. The birds from the positive flock were 3 months old, were purchased online, and were housed inside the owner's basement, separate from a flock of 1-year-old hens (also acquired online) housed outside. The outdoor flock of older hens within this same household tested negative for
Salmonella.
Whole genome shotgun sequences were submitted to GenBank under Biosample numbers SAMN07682584-SAMN07682588.
Average fold genomic coverages were 219, 104, 84, 805 and 141.
All five suspect colonies clustered together with a maximum single nucleotide polymorphism (SNP) distance of 12 (minimum two, average eight; Figure 1 ), suggesting they belong to a common isolate. The isolate was confirmed by MLST analysis to be Salmonella Kentucky ST152. The gene encoding tetracycline efflux protein Tet (B), which confers resistance to tetracycline, doxycycline and minocycline, as well as aminoglycoside phosphotransferase genes aph (3'')-Ib and aph (6)-Id, was detected in all five colonies (Roberts, 2005) .
The confirmed positive colonies all demonstrated phenotypic resistance to tetracycline and streptomycin and were susceptible to cefoxitin, amikacin, chloramphenicol, ceftriaxone, amoxicillin, ciprofloxacin, gentamicin, nalidixic acid, ceftiofur, sulfisoxazole, trimethoprim/sulfamethoxazole, kanamycin and ampicillin.
| Biosecurity, contact with BYC and handling practices
All households with children (33 of 50) reported that one or more children had contact with the flock (Table 2 ). In a subset of BYC owners (n = 30) who received additional survey questions, 89.7% (n = 26) of adults and 95.6% (n = 22) of adults indicated that their children consider their chickens to be their pets. This was reinforced by activities BYC owners reported participating in with their birds, such as picking up, hugging and kissing hens (Table 3) .
Owners were surveyed about their motivation behind keeping BYC. The most common responses were fresh egg consumption (93.9%, n = 46), fun/hobby (89.8%, n = 44) and to have a green/sustainable lifestyle (69.4%, n = 34; Table 4 ). All the households with chickens old enough to lay eggs reported they consumed eggs from their flocks.
Eighty-six per cent of BYC owners (n = 40) reported always washing their hands after cleaning the coop, 65.3% (n = 32) reported always washing hands after collecting eggs, 65.3% (n = 32) reported always washing hands after handling chickens, and 40.8% (n = 20) reported always washing hands after preparing eggs for consumption (Table 5) . Additional detail regarding biosecurity practices can be found in Table 5 . Sixty-eight per cent (n = 34) of BYC owners never called a veterinarian to provide medical care for their flock despite these statements can be found in Table 7 . When asked about medical symptoms in their children in the past six months, 30.3% of BYC owners (n = 10) reported diarrhoea, 21.2% (n = 7) reported stomach cramps, 24.3% (n = 8) reported vomiting, and 3.0% (n = 1) reported bloody stool (Table 6 ). There were no statistically significant associations between GI symptoms reported in children in the past six months and measures of contact with birds or biosecurity measures implemented by the household.
Owners recorded positive statements about their flock in an
open-ended response section of the survey such as, "a great activity for the family," "kids learn responsibility" and "great for kids to understand where food comes from," and 97.9% of flock owners feel keeping chickens positively affects their mental health (Table 7) .
Flocks also have a positive impact on community building with over 75% of owners agreeing with statements that their flocks enhance their family's and neighbourhood's sense of community (Table 7) . Note. N = 49, number of owners who responded to the survey question reports that link the majority of poultry-associated Salmonella outbreaks to hatcheries (Tobin et al., 2015) . Chicks are often exposed to Salmonella in hatcheries and younger birds are innately more susceptible to pathogens than older birds (Bailey et al., 2001) . Salmonella isolates recovered from mail-order hatchery chicks have been found to be genotypically indistinguishable from human outbreak strains that are associated with contact with live poultry (Croxen et al., 2017; Sharma, Erdman, Muñoz-Vargas, Mollenkopf, & Habing, 2018) .
| D ISCUSS I ON
The genomic analysis of our isolates did not cluster with a known hatchery outbreak strain in GenBank. While not part of any large outbreak, they are in the same NCBI SNP cluster with eight human cases as of Sept. 2018. All of these human cases had a SNP distance to a non-human isolate of less than 25, indicating those human isolates share a common source with non-human isolates. Considering the positive flock in this study was recently acquired from a hatchery, and that the adult flock was not positive for Salmonella, our findings support a growing body of literature that suggest that effective control efforts instituted at the level of the hatchery could have an impact on reducing live poultry-associated salmonellosis (Croxen et al., 2017; Sharma et al., 2018) .
Salmonella Kentucky is considered polyphyletic, and significant strain diversity exists within the serotype which is associated with varying pathogenicity to humans and animals (Haley et al., 2016) .
Salmonella Kentucky ST198 is an emerging public health threat and is more commonly associated with clinical disease in humans in
Europe and in people with a travel history to Africa and the Middle East. Salmonella Kentucky ST152, the serotype found in this study, is commonly isolated from healthy, asymptomatic poultry and cattle (CDC, 2011; CDC, 2017c; Fuche, Sow, Simon, & Tennant, 2016; Vosik, Tewari, Dettinger, M'ikanatha, & Shariat 2018) . While human cases of salmonellosis have been attributed to poultry-associated ST152, its pathogenicity to humans is questionable, it has caused fewer cases of salmonellosis in humans compared to serovars Typhimurium, Enteritidis, Newport and Heidelberg among others, and to date, it has not been associated with a large-scale food-borne outbreak of salmonellosis (Foley et al., 2011; Howe et al., 2017; Shah, Paul, Sischo, Crespo, & Guard, 2017) .
Resistance to tetracyclines and streptomycin is the predominant pattern for resistance exhibited by S. Kentucky, which is consistent with the antimicrobial resistance profile of the isolates obtained in Note. N = 49, number of owners who responded to the survey question. this study (Ladely, Meinersmann, Ball, & Fedorka-Cray, 2016) . In nontyphoidal Salmonella serotypes as a whole, NARMS found 11.2% of isolates resistant to streptomycin and 10.4% resistant to tetracyclines (CDC, 2016) . Streptomycin resistance is thought to be linked with numerous resistance genes, which may explain why our isolates demonstrated phenotypic resistance to streptomycin yet a known gene encoding this resistance was not identified (Liljebjelke et al., 2017) .
TA B L E 5
Our results suggest BYC offer household benefits beyond egg production. Just as pets like dogs and horses have proven to emotionally benefit children, BYC may also offer psychological and physical benefits (Brown & Rhodes, 2006; Hodgson et al., 2015; Purewal et al., 2017) . The role of BYC as pets, both within and outside the home, warrants further investigation. This study indicates BYC owners and their family members view their birds as pets and treat them as such (Table 3) . However, these data may be subject to underreporting, as studies show flock owners do not always report risky behaviours when self-reporting information (Kauber, Fowler, Lipton, Meschke, & Rabinowitz, 2017) . Children ages 6 and younger The mindset of pet-like interactions between BYC and their owners extends to owner's perception of disease risk. We infer from the responses in Table 7 Between-household poultry contact also occurs, further contributing towards opportunities for pathogen transmission. Despite these risks, veterinary care for BYC was limited in our sample.
Owners have shown an absence of awareness of veterinarians who will treat BYC. As a result, veterinarians were the second least-accessed source of information for flock health and husbandry. Veterinarians are a valuable but apparently underutilized source of knowledge and education regarding zoonotic disease risk, prevention and biosecurity in the context of BYC ownership.
This study was limited by a small sample size and cross-sectional design, which may have hindered the amount of Salmonella present in collected samples, as Salmonella is intermittently shed by infected birds (Behravesh, Brinson, Hopkins, & Gomez, 2014) .
However, we obtained multiple sample types (faecal, cloacal swabs and dust samples) indicative of active and past shedding to account for the cross-sectional nature of the study (Carrique-Mas & Davies, 2008) . Sampling flocks at only one time point and during the summer was another limitation as factors related to seasonality such as rainfall and biofilm formation can impact recoverability of Salmonella, and sunlight reduces the ability to culture Salmonella (Sha, Gunathilake, Forstner, & Hahn, 2011) . Rambach agar was chosen to culture Salmonella, as it greatly reduces the number of culture steps required. However, one study found subspecies IIIa, IIIb and V formed blue-green colonies which would not have been identified using our approach (Kuhn, Wonde, Rabsch, & Reissbrodt, 1994) . Response bias may also have occurred if participants reported more protective biosecurity behaviours than truly employed. Our sampling strategy likely under sampled lower income, minority and immigrant poultry owners, reducing generalizability of our findings. Additionally, prohibitions against BYC in the City of Boston and other nearby municipalities may have impacted study participation, although this is unlikely to bias our findings.
| CON CLUS ION
Backyard poultry ownership provides opportunities for direct and frequent human-poultry interactions. We observed that many households viewed chickens as pets, likely increasing direct contact with these animals and subsequently leading to poor biosecurity practices when handling the birds and eggs and cleaning the coop.
Our study identified the low prevalence of Salmonella (2%) among BYC flocks in the Greater Boston area. The one flock that tested positive for Salmonella Kentucky ST152 demonstrated phenotypic resistance to the antibiotics tetracycline and streptomycin. While Salmonella Kentucky ST152 is capable of causing disease in humans, it is much less commonly associated with human salmonellosis compared to other serotypes. More study and longitudinal data are needed to better understand the health risks and benefits associated with owning BYC in urban environments. 
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